Introduction
============

Early detection and treatment is the key to encumber the progression of osteoporosis, which is a disease characterized by deterioration of bone mass and microarchitecture.[@b1-tcrm-13-1333],[@b2-tcrm-13-1333] Osteoporosis predisposes patients to fragility fractures, thereby incurring significant health care and economic burden to society.[@b3-tcrm-13-1333],[@b4-tcrm-13-1333] Diagnosis of osteoporosis is based on bone mineral density (BMD) obtained using dual-energy X-ray absorptiometer (DEXA). The disease is confirmed when BMD value of the patient is 2.5 SD below the reference value of young adults (T-score ≤−2.5). Osteopenia (low bone mass) is present when T-score of the patient is \>−2.5 but \<−1 (−2.5\< T-score ≤−1).[@b5-tcrm-13-1333] Despite the usefulness of this simple classification system, accessibility to DEXA device is low owing to its limited number and high scanning cost.[@b6-tcrm-13-1333] Competition for the use of DEXA will accelerate with the concurrent growth in elderly population and prevalence of osteoporosis.

Screening of patients at high risk of osteoporosis can reduce the burden on DEXA service. Quantitative ultrasound (QUS) measurement at appendicular skeletal sites, such as calcaneus, phalanx, and wrist, is a popular bone health screening method. Previous studies demonstrated that QUS indices reflect skeletal microarchitectures and strength apart from BMD.[@b7-tcrm-13-1333] They can also predict fracture risk.[@b8-tcrm-13-1333] Although cheaper than DEXA, QUS devices still incur substantial costs and may not be available at all primary health care premises.

Besides QUS, several algorithms based on risk factors are currently used to predict osteoporosis and fragility fracture, such as the osteoporosis self-assessment tool (OST), osteoporosis risk assessment tool (ORAI), simple calculated risk estimation (SCORE), and fracture risk assessment tool (FRAX).[@b9-tcrm-13-1333],[@b10-tcrm-13-1333] Most of these algorithms are developed in the Caucasian population. Koh et al introduced the osteoporosis self-assessment tool for Asians (OSTA), which was established using data of women from eight countries.[@b11-tcrm-13-1333] This simple algorithm requires only information on age and body weight of the patient: 0.2× (body weight − age). The results will be truncated to produce an integer. Patients with an OSTA score of ≤−4 are considered as high risk, between −1 and −4 as medium risk, and \>−1 as low risk of osteoporosis.[@b11-tcrm-13-1333] Subsequently, Kung et al validated OSTA among Hong Kong population and found that the same algorithms and cut-offs could predict osteoporosis in men.[@b12-tcrm-13-1333]

There are limited studies on the concordance between QUS and OSTA in identifying patients at risk of osteoporosis.[@b13-tcrm-13-1333],[@b14-tcrm-13-1333] If agreement between the two screening methods is high, OSTA could replace QUS as a more cost-effective osteoporosis screening tool because it does not require any sophisticated instrument. Therefore, this study was aimed to determine the association between QUS indices and OSTA, and to assess their agreement in identifying patients at risk of osteoporosis. We hypothesized that the agreement is high because both indices are strongly influenced by variation in age and body weight.

Materials and methods
=====================

A cross-sectional study was conducted from December 1, 2014 to November 30, 2015 at a tertiary university hospital in Cheras, Malaysia. The study protocol was previously described.[@b15-tcrm-13-1333],[@b16-tcrm-13-1333] Briefly, subjects were male and female visitors to the hospital aged ≥50 years. They were recruited using a purposive sampling method onsite without prior solicitation. Subjects with the following conditions were excluded from the study: 1) previously diagnosed with metabolic bone diseases, such as osteoporosis, osteomalacia, osteogenesis imperfecta, rickets, or Paget's disease; 2) currently diagnosed with conditions that affect bone metabolism, such as hypogonadism (excluding menopause), hyper/hypoparathyroidism, and hyper/hypocalcemia hyper/hypothyroidism; 3) being treated with agents that affect bone metabolism, such as hormone replacement therapy, anti-osteoporosis therapy, thyroid supplement, glucocorticoids, antidepressants, and anticonvulsants; 4) having mobility problems, requiring a walking aid, being implanted with metal at the lower limbs, or suffering from a fracture 6 months prior to the screening. Subjects were briefed on the details of the project and written informed consent was obtained prior to their enrolment. The protocol of this study was reviewed and approved by Universiti Kebangsaan Malaysia Research Ethics Committee (Code: FF-2015-396 and FF-2015-412).

During the screening session, the subjects answered a self-administered questionnaire on their demographic details, lifestyle, and medical history. Their chronological age was determined from records on their identification cards. Their biological sex, ethnicity, and presence of a medical condition were self-declared. Their standing height without shoes was measured using a stadiometer (Seca, Hamburg, Germany) and was recorded to the nearest 1 cm. Their body weight with light clothing but without shoes was measured using a weight scale (Tanita, Tokyo, Japan) and was recorded to the nearest 0.1 kg. Body mass index was calculated as per the convention: body weight in kg divided by square of height in m. Bone health of the subjects was determined using a water-based calcaneal quantitative ultrasonometer (Achilles EXPII, GE Healthcare UK Ltd, Little Chalfont, UK). Ultrasound waves were transmitted from an inflatable transducer through the subject's right calcaneus placed on the adjustable footpad and received by another transducer while the subject remained in a sitting position. The signals were interpreted to generate three QUS indices: speed of sound (SOS), broadband ultrasound attenuation (BUA), and a composite parameter, stiffness index (SI = \[0.67× BUA\] + \[0.28× SOS\] −420). The SI would be compared against an internal reference derived from the Mainland Chinese population to produce a T-score. The subjects were classified based on T-score into three groups: low risk (T-score \>−1), medium risk (−2.5\< T-score \<−1), or high risk (T-score \<−2.5) of osteoporosis. OSTA was calculated based on the formula 0.2× (body weight − age), whereby the decimals of the product were truncated to produce an integer. The subjects were assigned to the respective risk groups based on their OSTA scores: low risk (OSTA \>−1), medium risk (−4\< OSTA \<−1), or high risk (OSTA \<−4).

Statistical analysis
--------------------

Normality of the data will be analyzed using Kolmogorov--Smirnov test. Correlation between QUS indices and OSTA score was determined using Spearman's correlation. Agreement in bone health classification between QUS and OSTA was determined using kappa statistics. A kappa value (κ) of ≥0.6 was considered moderate, while ≥0.8 was strong. Using QUS as the reference, receiver-operating curve (ROC) was generated for OSTA. Sensitivity, specificity, and area under the curve (AUC) were calculated. An AUC value of 0.5 indicates inability to identify individual at risk of osteoporosis. Sub-analysis according to age group, sex, and ethnic groups was also performed. Alternative cut-off values of OSTA were obtained by coordinate tracing of ROC curve ([Figure 1](#f1-tcrm-13-1333){ref-type="fig"}). The optimal cut-off should have a sensitivity value close to 80% and a reasonable specificity value. Statistical analysis was performed using SPSS version 23.0 (IBM, Armonk, NY, USA). Statistical significance was set at *p*\<0.05 (two-tailed).

Results
=======

Of the 772 subjects recruited, 127 were excluded because they were under thyroid supplement (n=44), hormone replacement therapy (n=40), antiosteoporosis agent (n=30), or glucocorticoids (n=11). Another two were excluded because they did not complete the screening process. Data from the remaining 645 subjects were included in the final analysis. The study population consisted of 283 men with a mean age of 63.4 years (SD: 7.4 years) and 362 women with a mean age of 61.7 years (SD: 7.5 years). Majority of the subjects were Chinese (54.0%), followed by Malays (36.3%) and Indians (9.8%) ([Table 1](#t1-tcrm-13-1333){ref-type="table"}).

Overall, calcaneal SOS (*r*~s~=0.176, *p*\<0.001), BUA (*r*~s~=0.359, *p*\<0.001), SI (*r*~s~=0.289, *p*\<0.001), and T-score (*r*~s~=0.194, *p*\<0.001) correlated significantly with OSTA score of the subjects. Sub-analysis based on sex revealed that the strength of these associations was higher in women compared to men. For instance, SOS was significantly associated with OSTA scores in women (*r*~s~=0.217, *p*\<0.001) but not in men (*r*~s~=0.062, *p*=0.295). Further analysis based on ethnicity showed that the associations between OSTA score and QUS indices were stronger among the Chinese and Malay subjects (*p*\<0.05). These associations were not significant among the Indian subjects (*p*\<0.05) ([Table 2](#t2-tcrm-13-1333){ref-type="table"}).

Agreement between QUS and OSTA in classifying bone health status of the subjects was minimal but statistically significant (κ=0.148, *p*\<0.001). The agreement was higher in women (κ=0.236, *p*\<0.001), but not statistically significant at all in men (κ=0.066, *p*\<0.114). Sub-analysis based on ethnicity indicated that agreement was the highest among the Malay women (κ=0.338, *p*\<0.001) followed by the Chinese women (κ=0.186, *p*=0.001). It was not significant for the Indian women (κ=0.235, *p*=0.068) ([Table 3](#t3-tcrm-13-1333){ref-type="table"}).

Based on ROC, the ability of OSTA (cut-off ≤−1) to predict subjects at moderate or high risk of osteoporosis defined by QUS was statistically significant but the performance was poor (AUC =0.581; 95% CI: 0.536--0.625; *p*\<0.001). The predictability was higher in women (AUC =0.620; 95% CI: 0.562--0.679; *p*\<0.001) compared to men (AUC =0.557; 95% CI: 0.491--0.624; *p*=0.097). At the cut-off ≤−4, OSTA performed slightly better in identifying subjects with high risk of osteoporosis defined by QUS (AUC =0.619; 95% CI: 0.534--0.705; *p*=0.002). Similarly, the predictability was higher in women (AUC =0.732; 95% CI: 0.616--0.848; *p*\<0.001) than in men (AUC =0.515; 95% CI: 0.403--0.626; *p*=0.792). In women, the sensitivity and AUC of OSTA increased with age, but the specificity decreased with age. This was not observed in men ([Table 4](#t4-tcrm-13-1333){ref-type="table"}).

Further analysis based on ethnicity showed that OSTA demonstrated poor performance in predicting subjects at high risk alone or medium to high risk of osteoporosis among all three ethnic groups in men, consistent with the overall results (*p*\>0.05). OSTA performed better in predicting Malay women at medium to high risk of osteoporosis (AUC =0.668; 95% CI: 0.568--0.767; *p*=0.001), but not women at high risk of osteoporosis alone (AUC =0.654; 95% CI: 0.387--0.921; *p*=0.204). In Chinese women, performance of OSTA was better in predicting subjects at high risk of osteoporosis (AUC =0.758; 95% CI: 0.619--0.897; *p*\<0.001) compared to subjects at medium to high risk of osteoporosis (AUC =0.587; 95% CI: 0.508--0.666; *p*=0.033). The performance of OSTA was poorer among Indian women (*p*\>0.05) ([Table 5](#t5-tcrm-13-1333){ref-type="table"}).

Due to the poor performance of OSTA at existing cut-off values, alternative cut-off values were searched. At cut-off ≤0.5, sensitivity of OSTA in predicting women at medium to high risk increased to 79.0% (54.8% at cut-off ≤−1). At cut-off ≤−0.5 sensitivity of OSTA in predicting women at high risk of osteoporosis alone increased to 75.9% (51.7% at cut-off ≤−4). Ethnic differences in the optimal cut-off values for OSTA was observed in women. For instance, the cut-off value for predicting women at medium to high risk was 0.5 for Chinese and 1.5 for Malays and Indians. Performance of OSTA deteriorated for men when the cut-off values were changed ([Table 6](#t6-tcrm-13-1333){ref-type="table"}).

Discussion
==========

The results of this study showed that OSTA and QUS indices were significantly correlated. Since QUS indices have been shown to associate significantly with chronological age and body weight,[@b17-tcrm-13-1333],[@b18-tcrm-13-1333] this observation is not unexpected. However, the agreement between OSTA and QUS was minimal despite statistically significant. Further examination showed that performance of OSTA in identifying subjects at risk of osteoporosis defined by QUS at the existing cut-off points (−1 or −4) was poor-to-fair for women, and not significant at all for men. Agreement between OSTA and QUS and the performance of OSTA were higher among the Chinese and Malay women compared to the Indian women. This is due to inequality in sample size among the ethnic groups, whereby the number of Indian subjects was small.

A study conducted in Nepali women (n=100, mean age =58.14 years) showed that OSTA score demonstrated sensitivity and specificity values of 85.2% and 89.1% at the cut-off ≤−1 in identifying individuals with QUS T-score of ≤−1.[@b13-tcrm-13-1333] These values were higher compared to women of the current study, with sensitivity and specificity values of 54.8% and 69.3%. In another study on 722 Chinese postmenopausal women with a mean age of 62 years, OSTA (cut-off ≤−1; AUC =0.75; sensitivity =79%; specificity =60%) was found to perform better than QUS (cut-off ≤−2.35 AUC =0.74; sensitivity =69%; specificity =70%) in identifying subjects with osteoporosis (T-score ≤−2.5 based on femoral neck or lumbar spine BMD).[@b19-tcrm-13-1333] We did not measure BMD of the subjects; hence similar comparison could not be made. The low agreement between OSTA and QUS classification could be due to several reasons. OSTA and its cut-off values were established to identify osteoporotic subjects diagnosed based on BMD values.[@b11-tcrm-13-1333],[@b12-tcrm-13-1333] Although QUS indices were associated with BMD significantly,[@b20-tcrm-13-1333],[@b21-tcrm-13-1333] it is not a perfect surrogate for BMD. Soft tissues and edema at the feet can artificially attenuate the transmission of ultrasound across the calcaneus.[@b7-tcrm-13-1333] Moreover, indices of QUS are influenced by the skeletal microstructures, which are not reflected in BMD.[@b7-tcrm-13-1333] This could weaken the agreement between QUS and OSTA.

It is observed that the agreement between OSTA and QUS was better in women and in older population. This is supported by previous studies examining the performance of OSTA in identifying osteoporotic subjects defined by BMD. In a large epidemiological study involving 15,752 healthy Chinese women aged 40--96 years, Huang et al showed that the performance of OSTA based on AUC and its sensitivity increased with age, but its specificity decreased with age.[@b22-tcrm-13-1333] Similar findings were observed in another study by Huang et al among 11,039 Chinese men with similar age range.[@b23-tcrm-13-1333] This suggests that OSTA is suitable to be used in older subjects with higher risk of osteoporosis compared to younger subjects. It is noteworthy that sensitivity of OSTA was significantly lower in men compared to women. This sex difference in the performance of OSTA was apparent since its inception in the study of Kung et al whereby the AUC was lower compared to the original study by Koh et al among women.[@b11-tcrm-13-1333],[@b12-tcrm-13-1333] This may be because bone health status of men is less influenced by chronological age and body weight.

Ethnic difference in the performance of OSTA was observed in this study, whereby it was better among the Chinese and Malay women compared to the Indian women. We suggest that this was because Chinese and Malay women were involved in the establishment of OSTA by Koh et al. The low performance of OSTA among the Indian subjects was probably due to the low sample size (n=30/362). We also searched for alternative optimal cut-off values for each sex and ethnic group, and the new cut-off values improved sensitivity of OSTA in women but not in men. This observation in women subjects was in agreement with other studies, which suggested that alternative cut-off values could improve the performance of OSTA due to differences (site of BMD measurement and population).[@b24-tcrm-13-1333],[@b25-tcrm-13-1333] In our study, the obvious difference was that the reference outcome was measured by QUS, instead of BMD. However, OSTA did not predict QUS outcomes in Malaysian men even at altered cut-off values, probably because age and body weight were not the significant risk factors of osteoporosis in men. Our previous study on bone health assessed using QUS technique showed that body height was a more important predictor of QUS values among Malaysian middle-aged and elderly men.[@b26-tcrm-13-1333]

This study is not without limitations. The researchers did not have access to DEXA at the time of the study; hence BMD of the subjects was not determined. Therefore, the ability of OSTA and QUS to identify osteoporosis defined by BMD could not be compared. The agreement between QUS and DEXA in this population could not be established. However, the alternative approach presented in this paper was taken to determine the agreement between the two instruments. Generalization of the results in this study should be performed with cautions because the subjects were recruited via a non-probability sampling method. To validate the results of this study, both OSTA and QUS should be validated against BMD of the subjects.

Conclusion
==========

QUS and OSTA cannot be used interchangeably in osteoporosis screening because the agreement between them in identifying individual at risk is minimal, thereby not clinically useful. They should be validated against DEXA in the Malaysian population before being used in osteoporosis screening.
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###### 

Characteristics of the subjects

  ------------------------------------------------------------------------------------------------------------
  Variable                                            Men\      Women\    Overall\                     
                                                      (n=283)   (n=362)   (n=645)                      
  --------------------------------------------------- --------- --------- ---------- ------- --------- -------
  Age (years)                                         63.4      7.4       61.7       7.5     62.4      7.5

  Weight (kg)                                         71.1      12.3      60.4       11.3    65.1      12.9

  Height (cm)                                         165.9     7.2       153.7      5.6     159.0     8.8

  BMI (kg/m^2^)                                       26.0      4.2       25.6       4.7     25.7      4.5

  Calcaneal SOS (m/s)                                 1,545.3   34.0      1,535.8    28.8    1,540.0   31.5

  Calcaneal broadband attenuation of sound (dB MHz)   119.4     11.0      112.4      11.9    115.5     12.0

  Calcaneal SI                                        91.9      16.1      84.8       14.8    87.9      15.8

  T-score                                             −1.0      1.3       −0.7       1.5     −0.8      1.4

  OSTA                                                1.4       2.8       −0.3       2.6     0.5       2.8

  Ethnicity                                           **n**     **%**     **n**      **%**   **n**     **%**

   Chinese                                            140       49.5      208        57.5    348       54.0

   Malay                                              110       38.9      124        34.3    234       36.3

   Indian                                             33        11.7      30         8.3     63        9.8
  ------------------------------------------------------------------------------------------------------------

**Abbreviations:** BMI, body mass index; OSTA, osteoporosis self-assessment tool for Asians; SI, stiffness index; SOS, speed of sound.

###### 

Correlation between QUS indices and OSTA scores

             Men (n=283)   n           Women (n= 362)   n       Total (n=645)   n                            
  ---------- ------------- ----------- ---------------- ------- --------------- ----- -------- ------------- -----
  SOS                                                                                                        
   Chinese   0.196         **0.020**   140              0.221   **0.001**       208   0.226    \<**0.001**   348
   Malay     −0.022        0.816       110              0.215   **0.016**       124   0.133    **0.042**     234
   Indian    −0.266        0.134       33               0.303   0.104           30    0.049    0.705         63
   Overall   0.062         0.295       283              0.217   \<**0.001**     362   0.176    \<**0.001**   645
  BUA                                                                                                        
   Chinese   0.282         **0.001**   140              0.371   \<**0.001**     208   0.391    \<**0.001**   348
   Malay     0.144         0.134       110              0.403   \<**0.001**     124   0.317    \<**0.001**   234
   Indian    −0.071        0.694       33               0.357   0.053           30    0.214    0.092         63
   Overall   0.192         **0.001**   283              0.392   \<**0.001**     362   0.359    \<**0.001**   645
  SI                                                                                                         
   Chinese   0.285         **0.001**   140              0.325   \<**0.001**     208   0.340    \<**0.001**   348
   Malay     0.064         0.508       110              0.348   \<**0.001**     124   0.248    \<**0.001**   234
   Indian    −0.230        0.197       33               0.345   0.062           30    0.137    0.283         63
   Overall   0.140         **0.019**   283              0.328   \<**0.001**     362   0.289    \<**0.001**   645
  T-score                                                                                                    
   Chinese   0.202         **0.017**   140              0.113   0.105           208   0.111    **0.038**     348
   Malay     0.006         0.951       110              0.172   0.056           124   0.089    0.177         234
   Indian    −0.238        0.182       33               0.072   0.706           30    −0.056   0.661         63
   Overall   0.146         **0.014**   283              0.321   \<**0.001**     362   0.194    \<**0.001**   645

**Notes:** The table indicates Spearmen's correlation coefficient (*r*~s~) values and the corresponding *p*-values between QUS indices (SOS, BUA, SI, and T-score) and OSTA based on sex and ethnic group. Bolded *p*-values are statistically significant (*p*\<0.05).

**Abbreviations:** BUA, broadband ultrasound attenuation; OSTA, osteoporosis self-assessment tool for Asians; QUS, quantitative ultrasound; SI, stiffness index; SOS, speed of sound.

###### 

Agreement between QUS and OSTA scores in identifying subjects at risk of osteoporosis

  Sex       Male (n=283)   Female (n=362)   Overall (n=645)                                                     
  --------- -------------- ---------------- ----------------- ------- ------------- ----- ------- ------------- -----
  Chinese   0.068          0.273            140               0.186   **0.001**     208   0.120   **0.006**     348
  Malay     0.037          0.549            110               0.338   \<**0.001**   124   0.185   \<**0.001**   234
  Indian    0.113          0.305            33                0.235   0.068         30    0.172   **0.047**     63
  Overall   0.066          0.114            283               0.236   \<**0.001**   362   0.148   \<**0.001**   645

**Notes:** The table indicates the kappa test results based on two classification systems: QUS (normal if T-score \>−1, medium risk if T-score is between −2.5 and −1, high risk if T-score \<−2.5) and OSTA (normal if score \>−1, medium risk if score is between −4 and −1, and high risk if score \<−4). Kappa value \>0.6 indicates a moderate agreement and \>0.8 a strong agreement. However, agreement is poor in this study. Bolded *p*-values are statistically significant (*p*\<0.05).

**Abbreviations:** OSTA, osteoporosis self-assessment tool for Asians; QUS, quantitative ultrasound.

###### 

Specificity, sensitivity, and AUC of OSTA in identifying subjects at risk of osteoporosis defined by QUS according to sex and age group

  Cut-off       Sex      Age group (years)   n     Sensitivity (%)   Specificity (%)   AUC     95% CI         *p*-value
  ------------- -------- ------------------- ----- ----------------- ----------------- ------- -------------- -------------
  QUS T-score   Male     50--59              82    5.0               97.6              0.513   0.387--0.639   0.838
  ≤−1                    60--69              146   19.8              86.7              0.532   0.438--0.627   0.509
  OSTA                   ≥70                 55    79.3              57.7              0.685   0.541--0.829   **0.019**
  ≤−1                    Overall             283   27.1              84.4              0.557   0.491--0.624   0.097
                Female   50--59              162   20.0              87.9              0.539   0.444--0.635   0.414
                         60--69              141   60.3              56.4              0.584   0.489--0.678   0.088
                         ≥70                 59    94.9              20.0              0.574   0.414--0.735   0.353
                         Overall             362   54.8              69.3              0.620   0.562--0.679   \<**0.001**
                Total    50--59              244   13.7              90.6              0.521   0.447--0.596   0.572
                         60--69              287   36.9              69.6              0.532   0.466--0.599   0.343
                         ≥70                 114   88.2              41.3              0.648   0.541--0.754   **0.008**
                         Overall             645   41.0              75.1              0.581   0.536--0.625   \<**0.001**
  QUS T-score   Male     50--59              82    0.0               100.0             0.500   0.288--0.712   1.000
  ≤−2.5                  60--69              146   5.9               100.0             0.529   0.377--0.682   0.694
  OSTA                   ≥70                 55    0.0               98.0              0.490   0.227--0.753   0.942
  ≤−4                    Overall             283   3.3               99.6              0.515   0.403--0.626   0.792
                Female   50--59              162   0.0               100.0             0.500   0.242--0.758   1.000
                         60--69              141   37.5              94.7              0.661   0.433--0.890   0.126
                         ≥70                 59    75.0              74.4              0.747   0.602--0.892   **0.004**
                         Overall             362   51.7              94.6              0.732   0.616--0.848   \<**0.001**
                Total    50--59              244   0.0               100.0             0.500   0.338--0.662   1.000
                         60--69              287   16.0              97.3              0.567   0.439--0.694   0.271
                         ≥70                 114   57.1              87.1              0.721   0.586--0.856   **0.002**
                         Overall             645   27.1              96.8              0.619   0.534--0.705   **0.002**

**Notes:** The table indicates the performance of OSTA at standard cut-off values (−1 for medium risk, −4 for high risk of osteoporosis) in identifying the outcomes of QUS (−1 for medium risk, −2.5 for high risk of osteoporosis) using ROC based on sex and age group. AUC, sensitivity, and specificity values are shown. Bolded *p*-values are statistically significant (*p*\<0.05).

**Abbreviations:** AUC, area under the curve; OSTA, osteoporosis self-assessment tool for Asians; QUS, quantitative ultrasound; ROC, receiver-operating curve.

###### 

Specificity, sensitivity, and AUC of OSTA in identifying subjects at risk of osteoporosis defined by QUS according to sex and ethnic group

  Ethnicity   Cut-off   Male   Female                                                                                                                   
  ----------- --------- ------ -------- -------------- -------------- ------- ------- ------ ------- -------------- -------------- ------------- ------ ------
  Chinese     ≤−1       ≤−1    140      0.577          0.482--0.672   0.119   35.8    79.7   208     0.587          0.508--0.665   **0.033**     62.2   55.1
  ≤−2.5       ≤−4              0.524    0.376--0.672   0.746          5.6     99.2           0.758   0.619--0.897   \<**0.001**    93.7          57.9   
  Malay       ≤−1       ≤−1    110      0.529          0.420--0.637   0.607   17.2    88.5   124     0.668          0.568--0.767   **0.001**     43.4   90.1
  ≤−2.5       ≤−4              0.500    0.278--0.722   1.000          0.0     100.0          0.654   0.387--0.921   0.204          97.5          33.3   
  Indian      ≤−1       ≤−1    33       0.535          0.335--0.735   0.732   18.8    88.2   30      0.656          0.455--0.858   0.146         50.0   81.2
  ≤−2.5       ≤−4              0.500    0.221--0.779   1.000          0.0     100.0          0.692   0.374--1.000   0.222          88.5          50.0   
  Overall     ≤−1       ≤−1    283      0.557          0.491--0.624   0.097   21.7    84.4   362     0.62           0.562--0.679   \<**0.001**   54.8   63.9
  ≤−2.5       ≤−4              0.515    0.403--0.626   0.792          3.3     99.6           0.732   0.616--0.848   \<**0.001**    51.7          94.6   

**Notes:** The table indicates the performance of OSTA at standard cut-off values (−1 for medium risk, −4 for high risk of osteoporosis) in identifying the outcomes of QUS (−1 for medium risk, −2.5 for high risk of osteoporosis) using ROC based on sex and ethnic group. AUC, sensitivity, and specificity values are shown. Bolded *p*-values are statistically significant (*p*\<0.05).

**Abbreviations:** AUC, area under the curve; OSTA, osteoporosis self-assessment tool for Asians; QUS, quantitative ultrasound; ROC, receiver-operating curve.

###### 

Optimal OSTA cut-off values according to sex and ethnic group in identifying subject at risk of osteoporosis

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ethnicity   QUS\      Men     Women                                                                                                                            
              T-score                                                                                                                                            
  ----------- --------- ------- -------------- -------------- ----------- ------ ------ ------ ------- -------------- -------------- ------------- ------ ------ ------
  Chinese     ≤−1       140     0.626          0.533--0.718   **0.011**   2.5    85.2   27.1   208     0.634          0.559--0.710   **0.001**     0.5    85.6   31.4

  ≤−2.5                 0.727   0.591--0.863   **0.002**      0.5         83.3   47.5          0.792   0.667--0.916   \<**0.001**    −0.5          84.2   50.8   

  Malay       ≤−1       110     0.551          0.443--0.659   0.357       4.5    79.3   21.2   124     0.681          0.581--0.781   **0.001**     1.5    79.2   36.6

  ≤−2.5                 0.501   0.233--0.768   0.995          4.5         71.4   20.4          0.744   0.549--0.940   **0.044**      0.5           83.3   44.1   

  Indian      ≤−1       33      0.450          0.243--0.806   0.627       4.5    81.3   11.8   30      0.612          0.399--0.824   0.299         1.5    78.6   25.0

  ≤−2.5                 0.271   0.011--0.532   0.108          4.5         60.0   10.7          0.740   0.423--1.000   0.127          −2.5          75.0   76.9   

  Overall     ≤−1       283     0.581          0.515--0.647   **0.019**   3.5    80.6   25.8   362     0.648          0.590--0.706   \<**0.001**   0.5    79.0   40.0

  ≤−2.5                 0.612   0.485--0.738   **0.046**      3.5         76.7   22.1          0.782   0.681--0.883   \<**0.001**    −0.5          75.9   61.9   
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** The table indicates the optimal alternative cut-off values for OSTA based on results of ROC curve (OSTA values versus QUS outcomes) for each gender and ethnic group. Cut-off values closest to sensitivity of 80% with reasonable specificity were selected. Bolded *p*-values are statistically significant (*p*\<0.05).

**Abbreviations:** AUC, area under the curve; OSTA, osteoporosis self-assessment tool for Asians; QUS, quantitative ultrasound; ROC, receiver-operating curve.
